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Clinical PerspectiveWhat Is New?Sudden cardiac death contributes substantially to mortality in women with and without obstructive coronary artery disease.In addition to traditional risk factors (age, diabetes mellitus, smoking), a history of depression and longer corrected QT interval were independent predictors of sudden cardiac death in women.Corrected QT interval is the single independent risk factor for sudden cardiac death in women without obstructive coronary artery disease.What Are the Clinical Implications?Traditional risk factors should be identified and treated in women with and without obstructive coronary artery disease.Interventions targeting depression and corrected QT interval should be studied in women for reduction of sudden cardiac death risk.

 {#jah32451-sec-0008}

Sudden cardiac death (SCD) is a major health threat, and although the incidence varies depending on how SCD is defined, ≈120 000 SCDs occur annually in American women.[1](#jah32451-bib-0001){ref-type="ref"}, [2](#jah32451-bib-0002){ref-type="ref"}, [3](#jah32451-bib-0003){ref-type="ref"}, [4](#jah32451-bib-0004){ref-type="ref"} The recent decade\'s decline in SCD incidence among women has been relatively less compared with that among men,[5](#jah32451-bib-0005){ref-type="ref"} and recent reports indicate that women represent ≈40% of SCDs.[6](#jah32451-bib-0006){ref-type="ref"} Whereas obstructive coronary artery diseases (CAD) is a predictor of SCD in women,[7](#jah32451-bib-0007){ref-type="ref"} SCD in women occurs more often in the absence of obstructive CAD compared with men,[7](#jah32451-bib-0007){ref-type="ref"}, [8](#jah32451-bib-0008){ref-type="ref"}, [9](#jah32451-bib-0009){ref-type="ref"} similar to the lower rate of obstructive CAD found on angiography for suspected ischemia in women compared with men.[10](#jah32451-bib-0010){ref-type="ref"}, [11](#jah32451-bib-0011){ref-type="ref"}, [12](#jah32451-bib-0012){ref-type="ref"}, [13](#jah32451-bib-0013){ref-type="ref"}, [14](#jah32451-bib-0014){ref-type="ref"}

Traditional ischemic heart disease (IHD) risk factors such as hypertension, hyperlipidemia, and tobacco use are associated with but insufficient to predict SCD[7](#jah32451-bib-0007){ref-type="ref"}; new markers and improved models to better predict SCD risk are needed in women. Current risk‐stratification methods using left ventricular ejection fraction are limited in adequately predicting which patients are at risk of SCD[15](#jah32451-bib-0015){ref-type="ref"}, [16](#jah32451-bib-0016){ref-type="ref"} because two thirds of those with SCD do not have significant left ventricular dysfunction.[17](#jah32451-bib-0017){ref-type="ref"}

To our knowledge, incidence of SCD in women with signs and symptoms of IHD without obstructive CAD has not been reported. Accordingly, we examined the incidence of SCD in women with suspected IHD without obstructive CAD by angiography and compared them with women with obstructive CAD enrolled in the WISE (Women\'s Ischemia Syndrome Evaluation) study. We also explored risk variables for SCD in our well‐characterized observational cohort of women.

Methods {#jah32451-sec-0009}
=======

Study Population {#jah32451-sec-0010}
----------------

WISE is a National Heart, Lung, and Blood Institute--sponsored 4‐center study of women undergoing clinically ordered coronary angiography to evaluate symptoms, signs, and pathophysiology of IHD and to improve diagnostic testing and outcomes in women. The WISE rationale, objectives, and organization have been described in detail previously.[18](#jah32451-bib-0018){ref-type="ref"} A total of 936 women were enrolled between 1996 and 2000. The current analysis includes a subgroup of 904 women enrolled in WISE who had sufficient baseline and angiographic information and were prospectively followed annually. Exclusion criteria included acute coronary syndrome (defined as acute myocardial infarction or unstable angina) within 30 days of study entry; coronary angioplasty or coronary bypass surgery within 6 months of study entry; significant congenital or primary valvular heart disease; New York Heart Association class IV heart failure; other significant illnesses such as severe lung, renal, or hepatic disease; life expectancy \<6 months; pregnancy; and any condition likely to affect study retention (alcoholism, drug abuse, or severe psychiatric illness). The protocol was approved by institutional review committees at each site, and all participants provided written informed consent.

Baseline Evaluation and Angiographic Assessment {#jah32451-sec-0011}
-----------------------------------------------

The baseline evaluation and coronary angiographic assessment of CAD have been described previously.[11](#jah32451-bib-0011){ref-type="ref"}, [18](#jah32451-bib-0018){ref-type="ref"}, [19](#jah32451-bib-0019){ref-type="ref"} Briefly, baseline evaluations included collection of demographic variables, risk factors, medical history, medication use, symptom history, functional capacity using the Duke Activity Score Index, psychosocial evaluation using standardized forms, and physical examination, in addition to an ECG and blood sampling for lipids and other blood risk markers. Body mass index was calculated as kg/m^2^, and homeostasis model assessment of insulin resistance was calculated as (glucose \[mmol/L\]×insulin \[μU/L\])/22.5. Lipid low‐density lipoprotein was calculated using the Friedewald formula, and glomerular filtration rate was calculated using the Cockroft--Gault formula.

All angiograms were analyzed, masked to clinical data, by the WISE angiographic core laboratory (Rhode Island Hospital), as described previously,[20](#jah32451-bib-0020){ref-type="ref"} and results were classified into 3 groups: (1) no CAD, defined as normal‐appearing coronary arteries and no diameter stenosis ≥20% in any epicardial artery; (2) minimal CAD, defined as 20% to 49% stenosis in ≥1 epicardial artery; or (3) obstructive CAD, defined as ≥50% stenosis in ≥1 epicardial coronary artery. No CAD and minimal CAD were classified as no obstructive CAD. A CAD severity score based on extent of stenosis and number of epicardial vessels involved and adjusted for lesion location and collaterals was determined.[20](#jah32451-bib-0020){ref-type="ref"}, [21](#jah32451-bib-0021){ref-type="ref"} A severity score of 5 was assigned to women with no detectable CAD. The interobserver variability for WISE angiographic core coronary artery diameter measurement was 0.196 mm with a 6.3% coefficient of variation.[21](#jah32451-bib-0021){ref-type="ref"}

Follow‐up Procedures {#jah32451-sec-0012}
--------------------

Follow‐up was conducted by an experienced research coordinator or physician at each site using a scripted telephone interview at 6 weeks and annually thereafter. The women were followed over a median of 6 years. Each woman was queried about symptoms, medication use, cardiovascular events since last contact, hospitalizations, and diagnostic or revascularization procedures. During follow‐up, if the woman was found to be deceased, we obtained a death certificate, physician narrative, and/or family narrative of circumstances of death. The WISE events committee, masked to angiographic findings, categorized all deaths as cardiovascular versus noncardiovascular; if possible, using narratives in addition to death certificates, cardiovascular deaths were further adjudicated as SCD versus non‐SCD. SCD was defined as unwitnessed, unexplained, nonhospital death; sudden, fatal, acute myocardial infarction; or in‐hospital cardiac arrest during emergency care.

Statistical Analysis {#jah32451-sec-0013}
--------------------

Values are expressed as mean±SD or percentage, as indicated in Table [1](#jah32451-tbl-0001){ref-type="table-wrap"}. Mortality rates are given as events per 1000 person‐years with Poisson 95% confidence intervals (CIs) in Table [2](#jah32451-tbl-0002){ref-type="table-wrap"}. *P* values for mortality trends across increasing CAD severity categories were calculated using the Mantel--Haentzel statistic.

###### 

Baseline Characteristics (n=904)

  Characteristic                                                Result
  ------------------------------------------------------------- ----------------------------------------------
  Age, y[a](#jah32451-note-0003){ref-type="fn"}                 58±12[b](#jah32451-note-0004){ref-type="fn"}
  Postmenopausal                                                679 (76)
  Non‐White race                                                171 (19)
  High school graduate[b](#jah32451-note-0004){ref-type="fn"}   714 (80)
  Diabetes mellitus                                             223 (25)
  History of dyslipidemia                                       458 (55)
  History of hypertension                                       535 (59)
  Family history of CAD                                         581 (66)
  BMI, kg/m^2^                                                  29.6±6.6
  BMI ≥30                                                       362 (41)
  Ever smoking                                                  478 (53)
  Current smoking                                               178 (20)
  ≥3 CAD risk factors[c](#jah32451-note-0005){ref-type="fn"}    609 (67)
  Systolic blood pressure, mm Hg                                137±22
  Diastolic blood pressure, mm Hg                               76±11
  Total cholesterol, mg/dL                                      195±45
  Triglycerides, mg/dL                                          156±122
  HDL‐C, mg/dL                                                  54±13
  LDL‐C, mg/dL                                                  112±39
  Fasting glucose, mg/dL                                        119±56
  Creatinine, mg/dL                                             0.88±0.50
  Hemoglobin, g/dL                                              12.9±1.3
  HOMA‐IR                                                       4.2±6.2
  Estimated GFR mL/min/1.73m^2^                                 95±39
  Ever HRT use                                                  455 (51)
  Current HRT use                                               343 (38)
  Beta blockers                                                 353 (39)
  Statins                                                       231 (26)
  ACE inhibitors                                                235 (26)
  CAD status                                                    
  No CAD                                                        328 (36)
  Minimal CAD                                                   223 (25)
  Obstructive CAD                                               353 (39)
  Prior MI or revascularization                                 257 (29)
  Ejection fraction                                             65±11
  Corrected QT interval, ms                                     429±30

ACE indicates angiotensin‐converting enzyme; BMI, body mass index; CAD, coronary artery disease; GFR, glomerular filtration rate; HDL‐C, high‐density lipoprotein cholesterol; HOMA‐IR, homeostasis model assessment of insulin resistance; HRT, hormone replacement therapy; LDL‐C, low‐density lipoprotein cholesterol; MI, myocardial infarction.

Continuous variables are summarized as mean±1 SD, and qualitative variables summarized as n (%).

Age range is 21 to 86 years.

Includes diabetes mellitus, history of dyslipidemia, history of hypertension, family history of CAD, BMI ≥30, history of smoking, prior MI, or revascularization.

###### 

All‐Cause Death Rates Per 1000 Person‐Years, Numbers, and Percentages of Cardiovascular Deaths and SCD by CAD Severity

  CAD Severity              Number of All‐Cause Deaths (and Rates)[a](#jah32451-note-0007){ref-type="fn"}   Number of Deaths (%)                                                                        
  ------------------------- ------------------------------------------------------------------------------- --------------------------------------------- --------------------------------------------- ---------------------------------------------
  No CAD (n=328)            10 (5.8 \[2.2--11.7\])                                                          5 (50)                                        2 (20)                                        2 (40)
  Minimal CAD (n=223)       19 (15.9 \[9.1--24.7\])                                                         12 (63)                                       7 (37)                                        7 (58)
  Obstructive CAD (n=353)   67 (38.6 \[27.7--52.2\])                                                        48 (73)                                       18 (27)                                       18 (38)
  Missing information       0                                                                               1                                             17                                            17
  Total                     96 (20.8 \[13.0--30.9\])                                                        65 (68)                                       27 (28)                                       27 (42)
  *P* value                 \<0.0001[b](#jah32451-note-0008){ref-type="fn"}                                 0.12[c](#jah32451-note-0009){ref-type="fn"}   0.33[c](#jah32451-note-0009){ref-type="fn"}   0.99[c](#jah32451-note-0009){ref-type="fn"}

CAD indicates coronary artery disease; SCD, sudden cardiac death.

Rates per 1000 person‐years (Poisson 95% confidence intervals).

*P*‐value by log‐rank statistic.

*P*‐value by Mantel--Haentzel statistic for trend across CAD subgroups.

For survival analyses, patients who did not die were censored at the date of their last contact with the study coordinator. Using competing risk models, age‐adjusted Cox proportional hazards regression was used to determine variables that predicted SCD and non‐SCD cardiovascular mortality. For these models, women who died of noncardiovascular causes were censored, and those whose deaths could not be classified as SCD were excluded from the analyses, yielding a total sample size of 886. Because of the large number of tests run, we chose a nominal *P*≤0.01 as statistically significant in Table [3](#jah32451-tbl-0003){ref-type="table-wrap"}. In addition, we calculated the Wald χ^2^ statistics to test whether the effects of the predictors differed significantly across event types.

###### 

Significant Predictors of SCD and Non‐SCD Cardiovascular Mortality in All Women (N=886)

  Predictors                                                          Non‐SCD (21 Events)                                          SCD (27 Events)                                             *P* of Non‐SCD vs SCD[b](#jah32451-note-0012){ref-type="fn"}
  ------------------------------------------------------------------- ------------------------------------------------------------ ----------------------------------------------------------- --------------------------------------------------------------
  Age, y                                                              1.11 (1.06--1.17)[c](#jah32451-note-0013){ref-type="fn"}     1.05 (1.01--1.09)[d](#jah32451-note-0014){ref-type="fn"}    0.032
  White race                                                          0.44 (0.17--1.14)                                            0.38 (0.17--0.85)[d](#jah32451-note-0014){ref-type="fn"}    \>0.99
  Obstructive CAD                                                     4.43 (1.43--13.70)[e](#jah32451-note-0015){ref-type="fn"}    2.84 (1.23--6.52)[d](#jah32451-note-0014){ref-type="fn"}    0.53
  CAD severity score (log)                                            2.67 (1.50--4.73)[c](#jah32451-note-0013){ref-type="fn"}     2.41 (1.51--3.84)[c](#jah32451-note-0013){ref-type="fn"}    \>0.99
  Left ventricular ejection fraction                                  0.95 (0.92--0.98)[e](#jah32451-note-0015){ref-type="fn"}     0.96 (0.93--0.98)[e](#jah32451-note-0015){ref-type="fn"}    \>0.99
  Number of CAD risk factors[f](#jah32451-note-0016){ref-type="fn"}   1.48 (1.11--1.96) [e](#jah32451-note-0015){ref-type="fn"}    1.52 (1.18--1.96) [e](#jah32451-note-0015){ref-type="fn"}   \>0.99
  Prior MI or revascularization                                       5.02 (1.91--13.21) [c](#jah32451-note-0013){ref-type="fn"}   1.97 (0.91--4.26)                                           0.09
  History of Revascularization                                        2.82 (1.18--6.78)[d](#jah32451-note-0014){ref-type="fn"}     2.25 (1.00--5.06)[d](#jah32451-note-0014){ref-type="fn"}    \>0.99
  QTc, per 10 ms                                                      1.08 (0.93--1.25)                                            1.19 (1.07--1.32)[e](#jah32451-note-0015){ref-type="fn"}    0.23
  Systolic blood pressure, mm Hg                                      1.02 (1.005--1.04)[d](#jah32451-note-0014){ref-type="fn"}    1.02 (0.999--1.03)                                          0.74
  Diastolic blood pressure, mm Hg                                     1.06 (1.02--1.10)[e](#jah32451-note-0015){ref-type="fn"}     0.99 (0.96--1.03)                                           0.013
  Ever smoking                                                        1.38 (0.58--3.28)                                            3.08 (1.29--7.32)[e](#jah32451-note-0015){ref-type="fn"}    0.14
  Diabetes mellitus                                                   2.15 (0.90--5.13)                                            2.59 (1.21--5.55)[d](#jah32451-note-0014){ref-type="fn"}    \>0.99
  Metabolic syndrome                                                  1.16 (0.46--2.93)                                            3.91 (1.57--9.75)[e](#jah32451-note-0015){ref-type="fn"}    0.042
  Duke Activity Score Index                                           0.91 (0.86--0.97)[e](#jah32451-note-0015){ref-type="fn"}     0.99 (0.96--1.02)                                           0.011
  COPD                                                                5.00 (1.67--16.98)[e](#jah32451-note-0015){ref-type="fn"}    2.64 (0.79--8.76)                                           0.39
  Estimated GFR, mL/min/1.73 m^2^                                     0.97 (0.95--0.99)[e](#jah32451-note-0015){ref-type="fn"}     1.003 (0.99--1.02)                                          0.005
  History of depression                                               1.46 (0.52--4.05)                                            2.63 (1.21--5.72)[d](#jah32451-note-0014){ref-type="fn"}    0.29
  Hemoglobin                                                          0.70 (0.52--0.95)[d](#jah32451-note-0014){ref-type="fn"}     1.04 (0.76--1.42)                                           0.047

Not tabulated: moderate predictors (defined as *P*\>0.01 but \<0.05 and not differing significantly between outcomes) of non‐SCD were history of hypertension, history of peripheral vascular disease, log IL6, and resting heart rate. Log SAA, use of antidepressants, diuretics and nitrates were moderately predictive of SCD. Variables not predicting either outcome included postmenopausal status, history of oral contraceptive or hormone therapy use, body mass index, lipids, homeostasis model assessment, and use at baseline of digitalis, statins, beta blockers, or hormone therapy. CAD indicates coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; HR, hazard ratio; IL6, Interleukin 6; MI, myocardial infarction; QTc, corrected QT interval; SAA, Serum Amyloid A; SCD, sudden cardiac death.

Except for age, all *P* values are age‐adjusted.

*P* value when comparing the predictors across different outcomes. A *P* value \<0.05 suggests a variable to be a unique predictor.

*P*≤0.001.

*P*≤0.05.

*P*≤0.01.

Includes diabetes mellitus, history of dyslipidemia, history of hypertension, family history of CAD, body mass index ≥40, history of smoking, and prior MI or revascularization.

The unique predictors of SCD from Table [3](#jah32451-tbl-0003){ref-type="table-wrap"} meeting this criterion of significance were entered into a combination of forward and backward selection procedures to aid in determining the best model of independent predictors of SCD. This step was followed by forcing, one at a time, each variable from Table [3](#jah32451-tbl-0003){ref-type="table-wrap"} into the model to determine its effect on the relationships of interest. The likelihood ratio test was used to compare the incremental goodness of fit of nested models. Fitted models were evaluated for departures from the proportional hazards assumption by using diagnostic residual analyses, including plotting Schoenfeld residuals against time, and were found to meet assumptions. All tests for the final models were 2‐sided, and *P*≤0.05 was considered statistically significant.

Using the ROC option of PROC LOGISTIC, we used receiver operating characteristic curve analysis to identify the optimal cut point in corrected QT interval (QTc) for predicting SCD. A cut point was chosen that maximized sensitivity and specificity. The area under the curve and 95% CIs were reported to indicate the accuracy of QTc to predict those who will and will not die of SCD. All analyses were performed with SAS software version 9.3 (SAS Institute).

Results {#jah32451-sec-0014}
=======

Pertinent baseline characteristics for the 904 women are summarized in Table [1](#jah32451-tbl-0001){ref-type="table-wrap"}. The group was predominantly middle‐aged and postmenopausal, and a majority were white with ≥3 IHD risk factors (67%). The women were about equally distributed across the 3 CAD severity categories. There were only a few differences between the 904 women included and the 32 who were excluded from the current analysis, mainly because of missing follow‐up information (data not tabulated). The excluded women were more likely to be obese (with 60% versus 41% having a body mass index \>30, *P*=0.052) or current smokers (35% versus 20%, *P*=0.032). They had lower mean high‐density lipoprotein (47 versus 54 mg/dL, *P*=0.012), lower creatinine levels (0.77 versus 0.88 mg/dL, *P*=0.0002), lower homeostasis model assessment (2.3 versus 4.2, *P*\<0.001), and higher estimated glomerular filtration rate (113 versus 95 mL/min/1.73m^2^, *P*=0.024). No differences were found regarding presence or absence of obstructive CAD or CAD severity level.

All‐Cause, Cardiovascular, and Noncardiovascular Mortality {#jah32451-sec-0015}
----------------------------------------------------------

A total of 96 women died over a median of 6.0 years (maximum: 8 years), equivalent to a rate of 20.8 deaths per 1000 person‐years (95% CI, 13.0--30.9). Among the deaths, 65 of 96 (68%) were due to cardiovascular causes, 30 of 96 (31%) due to noncardiovascular causes, and 1 (1%) lacked sufficient information to classify her death (Figure [1](#jah32451-fig-0001){ref-type="fig"}). Among the 65 cardiovascular deaths in the entire cohort, 48 of 65 (74%) could be classified in terms of SCD; 17 did not have enough information to classify their deaths as SCD versus non‐SCD, although their deaths were related to cardiovascular causes. Of the 48 classifiable cardiovascular deaths, 27 of 48 (56%) were SCD (Figure [1](#jah32451-fig-0001){ref-type="fig"}), for a minimal overall rate of 5.8 SCDs per 1000 person‐years (95% CI, 2.2--11.7). Sensitivity analysis including the 1 woman (who had obstructive CAD) with no information to classify her death as a probable cardiovascular death did not change the results. The median time between the final WISE contact with the patient and SCD death was 6.2 months (interquartile range: 3.0--11.9 months).

![Deaths in WISE (Women\'s Ischemia Syndrome Evaluation). Overall, 904 women with signs and symptoms of ischemia who underwent a clinically indicated invasive coronary angiography were followed over a median of 5.9 years (maximum: 9 years), and deaths were classified. CVD indicates cardiovascular disease; SCD, sudden cardiac death.](JAH3-6-e005501-g001){#jah32451-fig-0001}

Mortality and CAD Severity {#jah32451-sec-0016}
--------------------------

The all‐cause and cardiovascular death rates increased linearly across CAD severity (*P*\<0.0001) (Table [2](#jah32451-tbl-0002){ref-type="table-wrap"} and Figure [2](#jah32451-fig-0002){ref-type="fig"}). SCD rates similarly increased across the CAD severity groups, with estimated 1000‐person‐year SCD rates of 1.2, 5.8, and 10.4 for no, minimal, and obstructive CAD, respectively (*P*=0.002; Figure [3](#jah32451-fig-0003){ref-type="fig"}); however, the proportion of SCD among deaths was similar across the CAD severity subgroups (*P* value not significant; Table [2](#jah32451-tbl-0002){ref-type="table-wrap"}). In women with obstructive CAD, a moderate but nonsignificant difference in SCD rates was found among those with versus without a history of revascularization (14.6 \[range: 8.4--23.5\] versus 8.4 \[range: 4.1--15.8\] events per 1000 person‐years, respectively; *P*=0.24).

![Percentages of women dying over 8 years, by cause of death and CAD severity. CAD indicates coronary artery disease; CV, cardiovascular; SCD, sudden cardiac death.](JAH3-6-e005501-g002){#jah32451-fig-0002}

![Freedom from SCD by CAD severity. Kaplan--Meier estimated mortality rates of SCD by CAD severity per woman, per 8 years: no CAD, 0.011/8 years; minimal CAD, 0.041/8 years; and obstructive CAD, 0.093/8 years. When comparing the no‐CAD group with the minimal‐CAD group, the *P* value is 0.023. CAD indicates coronary artery disease; SCD, sudden cardiac death.](JAH3-6-e005501-g003){#jah32451-fig-0003}

Predictors of SCD {#jah32451-sec-0017}
-----------------

Baseline predictors of non‐SCD and SCD cardiovascular mortality in all women are summarized in Table [3](#jah32451-tbl-0003){ref-type="table-wrap"}. The traditional predictors, higher CAD severity, lower left ventricular ejection fraction, and higher number of CAD risk factors all predicted both non‐SCD and SCD cardiovascular events. Higher age (*P*=0.032), high diastolic blood pressure (*P*=0.013), low functional capacity (Duke Activity Score Index, *P*=0.011), and low estimated glomerular filtration rate (*P*=0.005) and hemoglobin (*P*=0.047) uniquely predicted non‐SCD cardiovascular death. The only significant unique predictor of SCD was metabolic syndrome (*P*=0.042); however, longer QTc, ever smoking, and history of depression, although not statistically significant, were potentially unique predictors of SCD (Table [3](#jah32451-tbl-0003){ref-type="table-wrap"}). Notably, the mean QTc for women was 446±27 versus 428±30 ms for those with and without SCD, respectively (*P*=0.003). Among women with no obstructive CAD, those without SCD had a mean QTc of 427±28 ms, whereas those with SCD had a mean QTc of 447±31 ms (*P*=0.034). Symptoms at baseline and those recorded at the final contact with the patient did not predict SCD; specifically, presence of symptoms at final contact (*P*=0.56), final symptom frequency (*P*=0.40), and high symptom frequency compared with prior follow‐up contacts (*P*=0.69) did not predict SCD (data not shown).

In multivariable modeling, age, diabetes mellitus, ever smoking, a history of depression, and QTc were significant independent predictors of SCD in the entire cohort (Table [4](#jah32451-tbl-0004){ref-type="table-wrap"}). No interactions were found between CAD and these or other potential predictors. Although CAD severity is an important predictor of SCD, it is not uniquely so, namely, it also predicted all‐cause and cardiovascular mortality. We sought to determine the risk variables that predicted SCD independent of CAD status. When entering CAD severity (log) into the model (Table [5](#jah32451-tbl-0005){ref-type="table-wrap"}), both a history of depression and QTc remained independent predictors of SCD, whereas age, diabetes mellitus, and smoking history dropped out. The final model did not change with sensitivity analyses, which assumed that the 3 women with no CAD whose causes of death could not be determined had SCD. Importantly, QTc (in intervals of 10 ms) was the single significant predictor of SCD in those with no obstructive CAD, even after forcing other potential predictors into the model (Table [6](#jah32451-tbl-0006){ref-type="table-wrap"}). There was no significant interaction between QTc and depression.

###### 

Independent Predictors of SCD (Multivariate Modeling)---Model Not Including CAD Severity in All Women

  Predictor               n=748, 27 Events    *P* Value (Sensitivity Analysis)[a](#jah32451-note-0019){ref-type="fn"} n=751, 30 Events   
  ----------------------- ------------------- ------------------------------------------------------------------------------------------ -------
  Age, y                  1.06 (1.02--1.10)   0.003                                                                                      0.006
  Diabetes mellitus       2.69 (1.21--6.01)   0.016                                                                                      0.018
  History of depression   2.28 (1.03--5.05)   0.041                                                                                      0.006
  Ever smoking            3.01 (1.25--7.23)   0.014                                                                                      0.015
  QTc, per 10 ms          1.14 (1.02--1.27)   0.024                                                                                      0.009

CAD indicates coronary artery disease; CI, confidence interval; HR, hazard ratio; SCD, sudden cardiac death.

The sensitivity analyses assume the 3 women with no obstructive CAD and missing classifiable mortality information all have SCD.

###### 

Independent Predictors of SCD (Multivariate Modeling)---Model Including CAD Severity in All Women

  Predictor               n=739, 27 Events    *P* Value (Sensitivity Analysis)[a](#jah32451-note-0019){ref-type="fn"} n=742, 30 Events   
  ----------------------- ------------------- ------------------------------------------------------------------------------------------ ---------
  CAD severity (log)      2.86 (1.80--4.53)   \<0.0001                                                                                   \<0.001
  History of depression   2.66 (1.19--5.95)   0.018                                                                                      0.003
  QTc, per 10 ms          1.13 (1.02--1.26)   0.023                                                                                      0.008

CAD indicates coronary artery disease; CI, confidence interval; HR, hazard ratio; QTc, corrected QT interval; SCD, sudden cardiac death.

The sensitivity analyses assume the 3 women with no obstructive CAD and missing classifiable mortality information all have SCD.

###### 

Independent Predictors of SCD (Multivariate Modeling)---Model Including CAD Severity in Women Without Obstructive CAD

  Predictor        n=477, 9 Events     *P* Value (Sensitivity Analysis)[a](#jah32451-note-0022){ref-type="fn"} n=480, 12 Events   
  ---------------- ------------------- ------------------------------------------------------------------------------------------ -------
  QTc, per 10 ms   1.22 (1.02--1.47)   0.033                                                                                      0.003

The sensitivity analyses assume the 3 women with no obstructive CAD and missing classifiable mortality information all have SCD.

### QTc interval as a predictor of SCD {#jah32451-sec-0018}

In addition to a continuous specification of QTc, we further evaluated whether a QTc \>470 ms, a standard cut point for women, predicted SCD. This was not the case (*P*=0.28 in all women and *P*=0.09 in women without obstructive CAD). Using receiver operating characteristic analysis, a cut point of 437 ms offered optimal prediction of SCD (area under the curve: 0.66 \[95% CI\], 0.57--0.77; *P*=0.0009), with sensitivity of 0.63 and specificity of 0.70.

We further investigated the association between use of antidepressants at baseline and QTc. In the WISE cohort of 904 women, 217 (24%) reported recent antidepressant medication use. In all women, use of antidepressant medications was borderline associated with increased QTc (QTc in women not on antidepressants was 428±29 versus 434±32 ms in those on antidepressants; *P*=0.06). This association was not found in women without obstructive CAD (QTc 427±29 versus 429±29 ms, respectively; *P*=0.48). No association was found for antianxiety medications and QTc (*P*=0.17 in all women; *P*=0.36 in women without obstructive CAD). In the model shown in Table [5](#jah32451-tbl-0005){ref-type="table-wrap"}, when history of depression was replaced with antidepressant medication use, no significant relationship to SCD was noted, and the overall model was not substantively changed (data not shown).

Discussion {#jah32451-sec-0019}
==========

In this well‐characterized prospective cohort study of women with signs and symptoms of ischemia undergoing coronary angiography, we observed that SCD is a substantial contributor to all‐cause and cardiovascular death among women undergoing coronary angiography for suspected ischemia with and without obstructive CAD. Although traditional risk factors and depression predict SCD in women with and without obstructive CAD, QTc interval is the single independent risk factor in women without obstructive CAD. These results indicate that SCD is a substantial health threat for women independent of angiographic characterization. Notably, the SCD risk variables predict risk across the CAD status, for example, they are not exclusive predictors within the obstructive CAD cohort. Together these results indicate that low angiographic CAD burden in women with evidence of ischemia does not guarantee immunity from cardiovascular death or SCD. In the WISE study, we have typically found chest pain indicators to be unreliable predictors of presence or severity of obstructive heart disease or of downstream events; similarly, presence of symptoms and symptom frequency at final contact did not predict SCD in this cohort.

Among women with no obstructive CAD, longer QTc was the single predictor of SCD, even after forcing other variables into the model. Longer QTc is well known to be independently associated with SCD in men and women.[6](#jah32451-bib-0006){ref-type="ref"}, [22](#jah32451-bib-0022){ref-type="ref"} In the case‐control Oregon Sudden Unexpected Death Study of patients with CAD (40% women), QTc was longer in those with SCD compared with controls (450±45 versus 433±37 ms, *P*\<0.0001), and abnormally prolonged QTc was associated with a 5‐fold increased risk of SCD.[23](#jah32451-bib-0023){ref-type="ref"} In our study, women with SCD had a mean QTc of 446±27 ms. It is important to note that healthy adult women are known to have longer QT than men; the upper limit for QTc is 450 ms for women but only 430 ms for men.[22](#jah32451-bib-0022){ref-type="ref"}, [24](#jah32451-bib-0024){ref-type="ref"} QTc of \>470 ms was not predictive of SCD among women without CAD (*P*=0.09), probably due to loss of statistical power in this binary specification given relatively low event rates. Similar to the challenge of determining cut points for increased risk in other biological variables with continuous risk (eg, blood pressure, cholesterol levels, ejection fraction), our data seem to suggest a linear relationship between QTc and SCD in women with signs and symptoms of ischemia. Of note, in a study of those with SCD (predominantly men), 80% had significant coronary stenosis on autopsy, and traditional CAD risk factors were highly prevalent; in these men, mutations in the long QT gene were not prevalent.[9](#jah32451-bib-0009){ref-type="ref"}

To our knowledge, our study is the first to report incidence of SCD in a consecutive cohort of women with suspected IHD with and without obstructive CAD among women with angiographic core laboratory assessment of CAD. We previously reported that among 917 women suspected of IHD in the WISE study, 161 died (103 cardiovascular deaths), and that the WISE angiographic CAD severity score is a useful risk predictor of adverse cardiovascular outcomes.[20](#jah32451-bib-0020){ref-type="ref"} We extend these findings and show that CAD severity also relates to overall, cardiovascular, and SCD mortality. Others[25](#jah32451-bib-0025){ref-type="ref"} have reported that SCD occurred in 136 of 254 (53.5%) cardiac deaths in postmenopausal women with known CAD over a mean follow‐up of 6.8 years; the independent predictors of SCD were myocardial infarction, heart failure, low estimated glomerular filtration rate, atrial fibrillation, physical inactivity, and diabetes mellitus. In comparison, we similarly found that diabetes mellitus is an independent predictor of SCD in our cohort not restricted to postmenopausal women. Women with significant heart failure, renal disease, or atrial fibrillation were not included in this WISE cohort. The population in WISE is a clinically referred cohort for coronary angiography with preserved left ventricular ejection fraction and high density of risk factors. Compared with general population surveys, this high density of risk factors sometimes limits the detection of associations because of the lack of participants without these risk factors.

Notably, we found that the novel risk factor of a history of depression independently predicted SCD in the WISE cohort. It is known that psychological factors such as depression, anger, and anxiety may trigger arrhythmias,[26](#jah32451-bib-0026){ref-type="ref"}, [27](#jah32451-bib-0027){ref-type="ref"}, [28](#jah32451-bib-0028){ref-type="ref"} and these are believed to be related to altered sympathetic and parasympathetic balance. Others have reported an association of depression and SCD in both men and women. In a study of 2228 cases and 4164 controls, compared with nondepressed patients, the risk of SCD was increased in depressed patients (odds ratio: 1.88, \[95% CI, 1.59--2.23\]).[29](#jah32451-bib-0029){ref-type="ref"} In the Nurses Health Study, depressive symptoms were associated with coronary heart disease, and the use of antidepressant medications was associated with SCD.[30](#jah32451-bib-0030){ref-type="ref"} In our study, use of psychotropic medications was not a significant predictor of SCD mortality, but our cohort excluded those with significant psychiatric illness. We previously reported that use of antidepressants and anxiolytics are associated with major adverse cardiovascular events in WISE.[31](#jah32451-bib-0031){ref-type="ref"} We did not find a significant interaction between QTc and depression in this cohort. We conclude that although the use of antidepressants was borderline associated with increased QTc, it does not explain the association of QTc with SCD, nor does it explain the association of history of depression with SCD.

Several hypotheses exist regarding the mechanisms of SCD in women without obstructive CAD. Endothelial dysfunction and/or coronary microvascular dysfunction are mechanisms of ischemia observed in many women who have no obstructive CAD.[19](#jah32451-bib-0019){ref-type="ref"}, [32](#jah32451-bib-0032){ref-type="ref"} Autopsy data show that young women (aged \<50 years) who died from myocardial infarction have more erosions and microemboli versus the overt plaque rupture typically seen in men.[33](#jah32451-bib-0033){ref-type="ref"} The high percentage of SCD (about one‐third) of all‐cause deaths observed in our participants without obstructive CAD highlights that signs and symptoms of myocardial ischemia are not benign and that the absence of obstructive CAD does not infer an absence of SCD risk. Further mechanistic research of ischemic pathophysiology in women, including cardiac autonomic dysfunction, is clearly needed. Because CAD risk factors are independently associated with SCD in this group, interventional research investigating the potential benefit of treating and reducing CAD risk factors in symptomatic women without obstructive CAD should be prioritized to inform guidelines.

Limitations {#jah32451-sec-0020}
-----------

This prospective observational cohort study cannot determine causality, and results may not be generalizable to the population of women at large. The raw number of deaths is an underestimate because of varying follow‐up times of the women at study completion. The Cox proportional hazards method, however, accounts for such attrition over time in calculating hazard ratios and CIs. Despite considerable effort, documentation for some deaths (1 for classifying cardiovascular mortality and 17 for classifying SCD) could not be obtained. The percentages may be underestimated because of missing information: 3 of 10 (30%) of the women with no CAD, although dying from cardiovascular causes, were missing information to classify deaths as SCD versus non‐SCD compared with only 1 of 19 (5%) in women with minimal CAD and 14 of 67 (20%) in those with obstructive CAD (*P*=0.19). Our use of a National Death Index search for our longer follow‐up period resulted in some deaths that could not be accurately determined to be SCD from the records; no autopsy data were collected in this study. In contrast to other studies, however, our study included periprocedural deaths in the SCD category. Such deaths may have different predictors or correlates than nonprocedural deaths. There was a small number of deaths in the no CAD group compared with the minimal and obstructive CAD groups, thus statistical power was too low to detect differences. Given the long follow‐up period, it is possible that those who initially had no obstructive CAD on angiography could have developed significant CAD. Ischemic burden was not uniformly quantified in this study, and various site‐specific stress‐testing modalities were included; electrocardiographic parameters such as t‐wave alternans and QTc dynamicity were not collected. Although all predictive data were age‐adjusted, larger predictive models were precluded by low power, given the relatively low number of deaths, particularly in women without obstructive CAD.

Conclusions {#jah32451-sec-0021}
===========

SCD is a substantial contributor to all‐cause and cardiovascular death among women undergoing coronary angiography for suspected ischemia with and without obstructive CAD. Although traditional risk factors and depression predict SCD in women with and without obstructive CAD, QTc is the single independent risk factor in a low‐risk population of women without obstructive CAD. These data underscore that SCD is an important health threat for women regardless of coronary angiographic status. In addition to attention to management of traditional risk factors in women, further investigation should address mechanistic understanding and interventions targeting depression and QTc in women.
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